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CHAPTER III

RESEARCH METHODOLOGY

3.0 Introduction
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' \,oYp;m life cycle
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a certain resemblance to a methodology rooted in Al gesear
Although the problem domain of the study revoh&md’,

solution domain is significantly related to

The research methodology 1s adopted from the systems

methodology in question.
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3.1 Proposed Framework

Figure 16: Proposed Framework
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3.1 .1 Data Collection

To ensure that the research reflects the actual traffic of a particular WiMAX network

@It 1S

gathered from the traffic of LibyaMax, a WiMAX network that is o % by Libya

(Nandhini & Devarajan, 2014), the actual data is harnessed (Qiang et a

Telecom and Technology In other words, the data collection is perfo with the help of

the company, one of the main telecommunication companies in L pAbdulla, 2010).

1sqon-voluntary In fact, 1t

is imposed solely by the company. To make it more traffS§grent, it 1W the company

@ @he core

secret of the

The inability of the researcher to participate in data collecti

policy to prohibit researcher’s outsiders from being

technology. This is a strict form of countermea

Yv

company (Villasenor, 2015) from leakmg ou
The company capitalizes on mfrastruct
Huawei offer their services throug t
as the main system for their pro
automatically wvia the pro 1et

humanistic intervention i requi

\
h

on the technology.

' “ﬂ
&t s topology (Carvalho et al., 2013). For this
N

The most cost-effec

however (Figug @atmg station called a subscriber station (SS)

between t station (BS) an@scriber terminal (ST). The SS plays the role of a
router %ows better coverage to the entire network. In addition, the SS can also be

l@tive by generating routes on demand to allow greater flexibility. In the end, the

architecture and topology will impact the quality of service for the network.
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Figure 17: Mesh Topology (Carvalho et al., 2013).
Base Station
(BS)

Subscriber

) 2
10@ name of station and using
&

Start time means the date of collec@

maximum and minimum of on@r

the data is 30 minutes. %
The entire duration of¢ \

time, data 1is coll@ 1
he” Wi traffic over a certain period of time. For

research. It 1 k poger
T

ion can be done )Qlfrms of the number of users within a day, week or

e§ byte, the period time of record

S

of six months or 180 days. During such

requires preprocessing to be used in the

mstance

-
S

ction is organized in three major temporal categories. They are based on the

daily (Lenskiy & Seol, 2012), weekly (Liu & Brown, 2003; Mehrara & Oryoie, 2011),

and monthly basis (Joon-Myung et al., 2011; Atsawathawichok et al., 2014). Each
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category would also include the maximum (Jing-Ran et al., 2013) and minimum number

(Stefanatos et al., 2009) of online users.

Analysis is often conducted based on certain durations. Therefore, data wolM®rmally

focus on the stipulated category before delving into a certain class of u e%\wre 18). To
%p .

concretize the notion, the research begins by emphasizing on a ular timeline,

whether daily, weekly or monthly. For each timeline, the data fog the Wsers is enumerated.

Thus, they are arranged as daily user A, daily user B, and il?FAB.

Figure 18: Data Taxonomy (Steﬂ$ et al.

illustrate, a graph is derived from the actual data and used as the benchmark for the

prediction. A part of the actual data is then analyzed by the Al approach to make the
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prediction. Both are then compared to measure the prediction error, or more specifically,

the mean square error (MSE)

3.1.3 Enhanced Model Design (ANN) c\

1. Planning T
Planning entails the breakdown of the research into acw ¢ steps. In other

words, this particular stage involves the creation of

amghat illows the research

IS 1 Wc ensure the
‘&%

2. Analysis
The analysis stage examines the@
intensity. It focuses on the va %
-

During inspection, the pres\ city™®

is noted as well. Thisc’ chor

Y

&method for forecasting.

with respect to forecasting

3. Design
Once the c%t pr
establisped, Wyrther g

for 1s designed here. K loits the minimum and maximum value of the test

@\n&ke it more conducive to the WIMAX traffic forecasting.

gplemelntion

The implementation involves the development of three approaches in total. They

are artificial neural network (ANN), Besides ANN, the two other approaches are
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developed to allow a proper comparison to be attempted between them using

MATLAB software.

5. Evaluation (\

In the evaluation stage, all the three approaches are given tl‘@&e data set and

tested in terms of their accuracy on prediction. A standardlgd measure is vital

here. The mean square error (MSE) i1s a measure that e

Vv

¥
exhibited by a particular method. Here, a lower @,
r

ﬂowé}:!;ch Al approach
%

on l'@ their mechanism can
.\

€d to the other two.

Jyes the degree of error

1€ Lreater accuracy.

'.
»

Imolementation
Data Set
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3.1.4 Analysis of Limitation

Al forecasting techmque such as ANFIS is superior when compared to its statistical

counterpart ARIMA. The diftference of performance however is not that 4 cant In

fact, ANFIS demonstrates a marginal enhancement to ARIMA in ﬂa accuracy.

Notice the error of forecasting (RMSE) exhibited by ARIMA and AXVT he latter only

manages to reduce the extent of error by a small amount as com the former.

The computational complexity between the two is rat

resource at a considerable rate when contrasted aga@\MAT
Ir

parameters required by ARIMA and ANFIS. Thever I'¢

for all the three cases whereby the latter d@ 10
causes an alarming realization. Al forec&%tefhw

more accurate. j )

To improve the current state of Al 1 Al a

Further analysis of ANFIS % that 1t om bs.@ major Al approaches. They are

, 2 aY 7 parameters

mhd 1 gparameters This

f simplification is needed.

artificial neural network ¢ i’m Y log %é%lch 1s related to fuzzy time Series

(FTS) in traffic fore % |

decomposed 1nto

ly, @ revelation implies that ANFIS can be
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Figure 20: Decomposition of ANFIS

Before progressing further, it must be rem;
be seen from its innate complexity an

Therefore, the aforementioned analysis

simpler ones. Simplification redu%he

Rationally, this means that tt% of m}

lesser resources. & Q

The simplification h§ \, rrrl&s | t’la

& e. In traffic forecasting, artificial neural
network (ANN) %no?b ':1 ultyW predicting the peak and nadir of traffic with

respect to t] | & Mars, 19\ Yall & Mars, 2000). This particular limitation
(Figure 2 ttributed to its mechanism. ANN is particularly adept at learning the
rec@ erns of traffic. However, the maximum and minimum are usually unique

and non-repetitive.



47

Figure 21: Limitation of ANN in Predicting the Maximum and Minimum
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As a way of improving the possible weakness ofﬁal Jle a

WiMAX traffic forecasting, the inclusion 0% ap se Y.171ecc=.:ssary For

| orn@llean et al., 2010)

A‘&itional methods would

instance, ANN can be improved by expl®ng ;avelet tr

and genetic algorithm. Unfortunately, tl‘%o] Oyme\of?l y
’é R A
mplexy

of RN A<$ére:fore the same dilemma
rises yet again. Y. , | §
) a‘v) g &
N O
3-2 Summal'y \ ' %
ex la3n q s}

) of the methods research methodology
¢

ﬁ( all of these methods have been introduced

inevitably increase the computatio

In this chapter, we

telll ent

’
exper

employed 1n Art

sequentially, nts:ar Nried out of each algorithms against the data set

defined : wlgn, and evaluate th\/ISE These will be details in the next chapter.

N




